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Foliar micromorphological characters of 17 species of Hypericum L. belonging to five 
sections, Androsaemum (Duhamel) Godron, Hypericum, Hirtella Stef. (including 2 subsec-
tions: Platyadenum N. Robson et Stenadenum N. Robson), Taeniocarpum Jaub. et Spach. and 
Drosanthe (Spach) Endl. were examined using scanning electron microscopy (SEM). Based 
on the current result three types of epidermal cell shape (irregular polygonal, roughly 
regular rectangular and irregular elliptical); four types of papilla (triangular, with striate 
wall, finger and star shapes); two main types and three subtypes of epicuticular wax; seven 
type classes of outer stomatal and peristomatal rims/stomata ledge aperture; three types 
of wax distribution on the stomata rims/pore/epidermal cell and three types of inner sto-
matal rims variations (smooth, sinuolate and sinuolate-erose) were identified. The result 
revealed that leaf micromorphological evidences of Hypericum are taxonomically informa-
tive and can be used for separating different sections and species.
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INTRODUCTION
The Hypericum comprises about 500 species of herbs, shrubs, and small 
trees (Robson 1985), taxonomically assigned to Hypericaceae (Crockett and 
Robson 2011), order Malpighiales (APG VI 2016, Wurdack and Davis 2009), 
mainly distributed in the temperate regions of the Northern hemisphere and 
especially in Eurasia (> 230 species) (Stevens 2007). Its elements show a pref-
erence for lowland and upland areas of cold temperate and high elevation 
mountain habitats of tropic and warm temperate regions (Nürk and Blattner 
2010, Robson 1977, 1993, Stevens 2007). The genus name (Upereikon) was giv-
en by the ancient Greeks to ward off evil spirits (Robson 2003). Hypericum is 
one of few large genera with an almost complete taxonomic treatment (Mese-
guer et al. 2013). The genus was primarily described by Tournefort (1700) and 
the first taxonomic treatment of the whole genus (synaptic monograph of the 
Hypericineae) was published by Choisy (1821). This was followed by numer-
ous changes resulted from the extensive studies of Robson, who provided 
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a revision of the genus in 1977 and characters descriptions for 457 species, 
in a series of monographs and papers (Robson 1981, 1985, 1987, 1990, 1993, 
1996, 2001, 2003, 2005, 2006, 2010a, b). In addition, Robson (1968) described 
21 representatives of the genus for the area covered by Flora Iranica. Azadi 
(1999) reported 19 species and 5 sections of Hypericum for the flora of Iran. 
This includes 3 endemic (Hypericum fursei N. Robson, H. dogonbadanicum As-
sadi, and H. asperulum Jaub. et Spach) (Assadi 1984, Robson 1977) and one 
doubtful species (H. heterophyllum) (Azadi 1999). Among them, H. perforatum, 
H. scabrum and H. helianthemoides are the most abundant species of the genus 
in Iran (Azadi 1999, Robson 1968).
The representatives of the genus are well known for their use in tradi-
tional medicine (Barnes et al. 2001, Bertoli et al. 2003, Crockett and Robson 
2011, Crockett et al. 2005, 2010, Curtis and Lersten 1990, Demirci et al. 2005, 
Jaimand et al. 2012, Sajjadi et al. 2001, Schwob et al. 2004); having great phy-
tochemical potential (Maggi et al. 2010, Zobayed et al. 2006); anti-depressant, 
anti-retroviral (Ernst 2003, Wurglics and Schubert-Zsilavecz 2006) and anti-
viral properties (Sajjadi et al. 2001). The genus was subject of several other 
investigations, e.g. anatomical (Ciccarelli et al. 2001, Lotocka and Osińska 
2010, Sirvent et al. 2003), karyological (Kogi 1984, Robson 1981), reproductive 
biological and apomixis (Schallau et al. 2010) and molecular studies (Nürk et 
al. 2012). However, foliar micromorphological features were poorly studied 
in this genus (Perrone et al. 2013). The current research supplements previ-
ous studies as a systematic survey of epidermis micromorphology of species 
Hypericum and related species in Iran, in order to recognise diagnostic and 
taxonomically important traits. The results can provide strong evidences for 
classification of Hypericum, especially Iranian representatives of the genus.
MATERIALS AND METHODS
Leaf samples used in this study were either collected from different parts 
of Iran (during 2013–2015) or obtained from Guilan (GUH), Tehran (TUH), 
Mazandaran Universities and other Iranian herbaria (Table 1). The voucher 
specimens are deposited in the Guilan University Herbarium. Flora Iranica 
(Robson 1968) and Flora of Iran (Azadi 1999) were the primary reference 
books for identification. The terminology used for micromorphology follows 
Barthlott et al. (1998) and Wilkinson (1979).
For scanning electron microscopy (SEM), well-developed leaves were se-
lected, washed in water-detergent for about 20 min (in water bath at 45 °C), 
and then kept for drying. A portion of dried leaves were mounted on SEM 
stubs by double-sided adhesive tape of silver paint and finally coated with 
gold in a sputter coater. Scanning electron microscopy was carried out using 
a Vega Tescan Razi instrument.
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RESULTS
In the current survey leaf epidermal structures of 17 species of Hypericum 
in Iran were examined (Table 2). Leaves of the all studied taxa are glabrous. 
However, four types of hair-like structure or papilla including: triangular in 
H. hirsutum (Fig. 1A), H. hirtellum (Fig. 1B), H. scabrum (Fig. 1C), H. asperulum 
(Fig. 1D); flat, with striate wall in H. hirtellum (Fig. 1B) and H. elongatum (Fig. 
1F); finger shape in H. scabrum (Fig. 1C) and H. elongatum (Fig. 1F); and star 
shape papilla in H. asperulum (Fig. 1D); H. scabrum (Fig. 1E) and H. elongatum 
(Fig. 1F) were recorded.
Secretory cavities are observed in some species of the genus (Fig. 1G–L). 
They were especially recognised on the leaf adaxial surface of H. fursei, H. 
davisii, H. vermiculare and either of adaxial and abaxial sides of H. perforatum, 
H. tetrapterum, H. asperulum and H. elongatum. Their shape varies from oval to 
round in H. perforatum (Fig. 1G), H. tetrapterum (Fig. 1H), H. davisii, H. elon-
gatum (Fig. 1I), and H. fursei (Fig. 1J); polygonal in H. asperulum (Fig. 1K) and 
sunken funnel shape in H. vermiculare (Fig. 1L).
Microscopic investigations displayed different shapes and patterns of 
epidermal cells forming the leaf surfaces. This includes: polygonal, irregu-
lar and isodiametric in H. perforatum, H. tetrapterum, H. triquetrifolium (lower 
side); H. linarioides, H. hirsutum, H. vermiculare and H. elongatum, rectangular 
roughly regular and isodiametric in H. fursei, H. davisii, H. vermiculare (upper 
side), H. triquetrifolium (upper side) and H. helianthemoides (upper side); el-
liptical, irregular and isodiametric in H. hyssopifolium and H. helianthemoides 
(lower side) in shape.
SEM observation revealed two main types and three subtypes of epicu-
ticular wax patterns/crystals including (Fig. 2A–L).
Type I. Crystalloid: in this type epidermal cells carry only one type of ep-
icuticular wax crystals (either platelets or rodlets). Two categories of platelets 
were recorded: parallel grouped platelet (including parallel stalked and par-
allel oriented platelet) and irregular platelet. Parallel stacked platelets were 
observed in 7 species: H. tetrapterum (Fig. 2A), H. perforatum, H. hirsutum (Fig. 
2B), H. linarioides (Fig. 2C), H. davisii, H. asperulum and H. elongatum and paral-
lel oriented platelets were present in H. vermiculare (Fig. 2D), irregular platelet 
in H. triquetrifolium (Fig. 2E) and rodlet is found in H. scabrum (Fig. 2F).
Type II. Syntopism: in this type the epidermal cell includes morphologi-
cally different crystalloids and three subtypes as followings:
 − subtype I: this composed of two types of crystalloids in the same or diffe-
rent epidermal cells. The smooth layer and platelets in H. helianthemoides 
(Fig. 2G); crust and irregular platelets in H. apricum (Fig. 2H), H. elongatum 
and H. fursei; crust and parallel stacked platelets in H. perforatum, H. linarioi-
des and H. lysimachioides; crust and parallel oriented platelets in H. vermicu-
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Fig. 1. A = Hypericum hirsutum; B = H. hirtellum; C, D = H. scabrum; E = H. asperulum; F = H. 
elongatum; G = H. perforatum; H = H. tetrapterum; I = H. elongatum; J = H. fursei; K = H. asperu-
lum; L = H. vermiculare (scale bar = 20 µm for A–F; 200 µm for G–L)
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Fig. 2. A = Hypericum tetrapterum; B = H. perforatum; C = H. vermiculare; D, E = H. triquetri-
folium; F = H. scabrum; G = H. helianthemoides; H, I = H. apricum; J = H. hyssopifolium; K = H. 
lysimachioides; L = H. androsaemum (scale bar = 20 µm)
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lare; crust and membranous platelets in H. fursei, and crust and polyangular 
rodlet in H. davisii and H. apricum (Fig. 2I);
 − subtype II: this composed of three different crystalloids (crust/platelets and 
plates) in the same or different epidermal cells. Plates are flat, often po-
lygonal crystalloids, with distinct edges. This subtype was recorded in H. 
hyssopifolium (crust/membranous platelets and plates) (Fig. 2J) and H. lysi-
machioides (crust/parallel stacked platelets and plates) (Fig. 2K);
 − subtype III: this includes four different crystalloids (crust/parallel stacked 
platelets/granules/longitudinally aggregated rodlets), recorded in H. andro-
saemum (Fig. 2L).
We observed cuticular folding in nine species: H. elongatum, H. helian-
themoides (Fig. 2G), H. lysmachioides, H. davisii, H. vermiculare, H. fursei, H. lina-
rioides, H. hyssopifolium and H. apricum.
The studied taxa were divided into two groups, regarding the position of 
stomata in relation to epidermal cells. The first group includes 12 species with 
stomata upper than epidermal cells and the second group contains 16 spe-
cies with stomata lower than epidermal cells. Stomata position on adaxial and 
abaxial sides of a leaf, were identical in 5 species including H. hirsutum and H. 
hyssopifolium (stomata upper than epidermis); H. asperulum, H. andro saemum 
and H. apricum (stomata lower than epidermis).
Three types wax distribution on the stomata rims, pore and epidermal 
cells were identified:
 − Type I. Stomata rim and guard cell covered by wax, pore free (includes 9 
species);
 − Type II. Stomata rims and pore free guard cell covered by wax (composed 
of 13 species);
 − Type III. Stomata rims, guard cell and pore covered by wax (recorded in H. 
scabrum and H. elongatum).
The current SEM analysis also revealed 7 type classes of outer stomatal 
rims/peristomatal rims and stomata ledges aperture characters on both side 
of a leaf as followings:
 − Type I. Raised/raised: this type was identified in H. androsaemum (Fig. 3A);
 − Type II. Raised/overlapping: this type was recorded in H. perforatum (Fig. 
3B), H. apricum, H. hirsutum and H. helianthemoides (Fig. 3C);
 − Type III. Raised/overlapping-stout: this type was observed in H. perforatum, 
H. elangatum and H. scabrum (Fig. 3D);
 − Type IV. Double raised/overlapping: this type was found in H. vermiculare 
(Fig. 3E);
 − Type V. Overlapping/overlapping: this type was recognised in H. helianthe-
moides (Fig. 3F), H. fursei and H. hyssopifolium (lower surface);
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Fig. 3. A = Hypericum androsaemum; B = H. hirsutum; C = H. helianthemoides; D = H. perfora-
tum; E = H. scabrum; F = H. vermiculare; G = H. linarioides; H = H. fursei; I = H. hirtellum; J = H. 
asperulum; K = H. davisii (scale bar = 10 µm)
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 − Type VI. Overlapping/overlapping-stout: this type was distinguished in H. 
tetrapterum and H. hirtellum (Fig. 3G);
 − Type VII. Overlapping/stout: this type was observed in H. asperulum (Fig. 
3H), H. lysimachioides, H. davisii (Fig. 3J), H. vermiculare (Fig. 3K) and H. he-
lianthemoides (Fig. 3L).
Three types of inner stomatal rims variations were also recorded:
 − Type I. Smooth inner stomatal rims: this type was observed in H. andro-
saemum (Fig. 3A);
 − Type II. Sinuolate: this type was present in 7 species including: H. trique-
trifolium, H. hirtellum, H. helianthemoides (Fig. 3L), H. apricum, H. vermiculare 
(Fig. 3K), H. hirsutum and H. furseii;
 − Type III. Sinuolate-erose: this type was found in the 9 species: H. tetrapte-
rum, H. perforatum, H. scabrum (Fig. 3I), H. asperulum, H. lysimachioides, H. 
davisii (Fig. 3J), H. linarioides, H. hyssopifolium (Fig. 3H) and H. elongatum.
DISCUSSION
This study demonstrates variation of micromorphological characters 
among the investigated taxa. Papilla, secretory cavities, epidermal cell shape 
and walls; epicuticular wax and cuticular folding; distribution of wax on the 
stomata rims, pore and epidermal cells; outer, inner and peristomatal rims type 
classes were the most important cells and surface sculptures (Koch et al. 2009) 
described in this study. Papillae or hair like structures are common to Hyperi-
cum (Metcalfe and Chalk 1957), especially in H. androsacaeum, H. aegypticum, H. 
calycinum, H. cerastioides and H. olympicum (Neinhuis and Barthlott 1997). They 
are small convex outgrowth, originated by expansion of the outer epidermis cell 
(Koch et al. 2009). In this research four morphologically distinct types of papilla 
were identified that can be used to separate different species (Wilkinson 1979).
In contrast to glandular hairs (that are unknown in this genus), secretory 
cavities (Metcalfe and Chalk 1957) or translucent secretory reservoirs (Per-
rone et al. 2013) have been reported in some species, e.g. H. perforatum, H. 
tetrapterum, H. fursei and H. vermiculare. Based on the findings their shape var-
ied from species to species.
Epidermal cells shapes varied among the studied taxa and three types 
were identified.
In the previous study irregular isodiametric-elongated (in H. perfoliatum), 
irregular polyhedral convex cells (in H. pubescens), rectangular and elliptical 
isodiametric cells (in H. hircinum) epidermal cell shape were also recorded in 
different species of the genus (Perrone et al. 2013).
Based on the current result, leaf epidermal surface of the studied species 
benefit dense epicuticular wax covering (crystalloids and syntopism types). 
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Parallel stacked platelets were the most dominant patter among the examined 
species. This characteristic of family Hypericaceae was described as ‘Hyperi-
cum’-type by Ditsch and Barthlott (1994). In addition to wax crystals, epider-
mis of all examined taxa possess cuticular folds that are composed of medium 
(including smooth layer), 2 (crust) and 3 dimensional wax elements (different 
types of platelets, plates and polyangular rodlets) (Barthlott and Ehler 1977).
The studied taxa were divided into two main groups regarding the po-
sition of stomata. However, the extent to which stomata are raised above or 
sunken below the epidermis is of very limited importance in compared with 
their appearance in surface view (Metcalfe and Chalk 1957). In contrast, outer, 
inner and peristomatal rims configuration types, distribution of wax on the 
stomata rims, pore and guard cell patterns are considered as taxonomically 
informative traits (Akçin et al. 2013, Kumar and Murugan 2015).
Leaf micromorphological and structural diversity of the studied species 
may be attributed to different environmental conditions (Barthlott and Ehler 
1977, Jetter and Riederer 1994, Koch et al. 2009). Iranian species of Hypericum 
are distributed in different phytological regions from mountain slopes; stony 
places, calcareous rocks, subalpine meadows; forest margins, floodplains and 
rivers habitats (Azadi 1999, Robson 1968). They are dominant in Irano-Tura-
nian phytogeographical region characterised by low rainfall, long pride of 
dryness in summer, cold weather and frost in long winter time (Ghahreman 
and Attar 1999). This comprises several species of Hirtella section (with pet-
als tapering to a claw and black capitate stipitate glands at apex) especially 
H. scabrum and H. hirtellum (from subsection Platyandenum) and H. elongatum, 
H. helmanthoidae, H. vermiculare, H. apricum and H. davisii (from subsection 
Stenadeanum) growing in dry steppe, gravelly mountain slopes and rocks of N, 
NW, E, C and S Iran at 800–3,400 m altitude (Azadi 1999, Robson 1968). All the 
above species have identical micromorphological characters (e.g. epicuticular 
wax types; star and triangular papilla; covered stomata rims and guard cell; 
raised outer stomata, overlapping-stout peristomata and sinuolate-erose sto-
mata rims) that supports the current classification (Azadi 1999, Robson 1968).
However, H. asperulum and H. lysimachioides (from subsection Platyande-
num) are two representatives of the same section, distributed in the Mediter-
ranean region and Zagros phytogeographical subregion. This region borders 
the drier zones of central and southern Iran with annual rainfall of about 400 
m (semidesert area) and xerophyte flora in subalpine belt, dry sunny, stony, 
mostly calcareous slopes (Ghahreman and Attar 1999). These species also 
show both micromorphological (e.g. types of cuticular folding; sunken sto-
mata, overlapping/stout outer stomata, peristomatal and stomatal rims) and 
morphological affinities (ovate, oblong and lanceolate leaves; broad ovate and 
beaked capsule) (Azadi 1999, Robson 1968).
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H. hirsutum, H. fursei (Iranian endemic) and H. androsaemum are grow-
ing in Hyrcanian, Caspian phytogeographical subregion (with high humidity 
and abundant rainfall of 700–1,500 mm). The two former species are placed 
in Taeniocarpum section along with H. linarioides (distributed in either of the 
Irano-Turanian and Hyrcanian regions). H. hirsutum, H. fursei have common 
morphological characters (soft, unicellular spreading, white hairs on stem, 
leaves and pedicels). While H. linarioides, separated from them by its glandu-
lar calyx margin, inflorescence with few flowers and cylindrical and distinct 
micromorphological trait especially absence of triangular papilla. H. androsae-
mum is a mesophyte (Peron et al. 2007) having distinct micromorphological 
(aggregate rodlets, raised stomata rims, peristomatal rims, smooth stoma-
tal rims) and morphological traits (stamens in 5 bundles, 1 celled capsule, 
and keeled or winged seed) classified in Androsaemum section (Robson 1968, 
Shishkin 1949).
Despite of morphological similarities (e.g. stamens arranged in 3 bundles; 
leaves without or very few black glands, calyx margin and capsule surface 
with black gland), three species Hypericum including H. tetrapterum (meso-
hygrophyte), H. perforatum (mesophyte) and H. triquetrifolium (xerophyte), 
exhibit different ecological characterisation (Perrone et al. 2013). The two for-
mer species occur in the Hyrcanian and Mediterranean phytogeographical 
regions (with dry climate, 302 mm annual rainfall, including semidry forests 
and discontinuous limestone mountain) (Ghahreman and Attar 1999). While 
the third representative grows in the Irano-Turanian and Mediterranean phy-
togeographical regions. Based on the current result H. tetrapterum and H. per-
foratum can be separated from H. triquetrifolium (with non-entire platelet wax 
type) by some important micromorphological evidences, especially parallel 
stacked platelet sculpturing types.
CONCLUSION
Present results revealed a number of interesting epidermal micromor-
phological features in the genus Hypericum. They attributed to different envi-
ronmental conditions and show ecological characterisation. These micromor-
phological data have diagnostic value and support the current classifications.
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